The Late Cretaceous-Quaternary Cameroon Volcanic Line (CVL) is a 1600 km long chain of volcanoes that straddles the continent-ocean boundary and extends from the Gulf of Guinea to the interior of the African continent. The magmatic activity started at 70 Ma and has continued until the present. The products of this magmatic activity are distinctive in terms of petrology and isotope geochemistry, the variety of volcanic rocks ranging from ultrabasic, alkaline to sub-alkaline lavas to highly evolved alkaline lavas with isotopic compositions indicating complex combinations of both sub-lithospheric (HIMU, EM, DMM) and lithospheric components (sub-continental lithospheric mantle and crust). We conducted a petrological and geochemical study of a set of volcanic rocks, sampled from the rim and interior of the Miocene Mt Bambouto caldera, one of the 12 main volcanic centres of the CVL. The rocks were analysed for their whole-rock major and trace element contents, 40 Ar/
INTRODUCTION
The 1600 km long Cameroon Volcanic Line (CVL; Equatorial West Africa) is one of the rare volcanic chains that straddle a continent-ocean boundary, extending from the Gulf of Guinea to the interior of the African continent ( Fig. 1a and b) . The CVL has experienced magmatic activity from $70 Ma until the present (Fitton & Dunlop, 1985; Fitton, 1987; Dé ruelle et al., 2007; Njome & de Wit, 2014) . Contrary to many other examples of volcanic chains, CVL magmatic activity does not show any evident time-related migration, suggesting that it cannot be interpreted as a single hotspot track (like the Hawaiian-Emperor volcanic chain; e.g. Clague & Dalrymple, 1987) . Instead, some researchers have suggested that it may reflect a SW-NE linear mantle upwelling, or 'hotline' (e.g. Dé ruelle et al., 2007) .
The magmatic rocks of the CVL range in composition from ultrabasic, alkaline to sub-alkaline lavas to highly evolved alkaline lavas, and have distinctive petrology and isotope geochemistry (Fitton & Dunlop, 1985; Halliday et al., 1988; et al., 2005; Dé ruelle et al., 2007; Asaah et al., 2015) . Their isotopic compositions suggest involvment of both sub-lithospheric (HIMU, EM, DMM; Zindler & Hart, 1986) and lithospheric [sub-continental lithospheric mantle (SCLM) and crustal] components. This complexity suggests that a variety of petrogenetic processes operates in the CVL, making it ideal for a comprehensive petrological and geochemical study, with potentially important implications for mantle geodynamics. In this and a companion paper (Marzoli et al., 2015) , we present results of a study of a newly sampled set of volcanic rocks from the rim and interior of the Miocene Mt Bambouto caldera (Fig. 1) . We chose to investigate these lavas because (1) some Mt Bambouto primitive mafic rocks are characterized by extremely high concentrations of Sr, Ba, and P that may be related to their mantle sources (Marzoli et al., 1999 and (2) no comprehensive petrogenetic study has been undertaken for this volcano.
Eighteen samples from the caldera interior and caldera rim (hereafter referred to as caldera rocks) were investigated. The mineralogy and major element composition of these rocks have been presented by Marzoli et al. (2015) and interpreted in the framework of the evolution of the magmatic plumbing system of Mt Bambouto. Here we present trace elements, one 40 Ar/ 39 Ar age, whole-rock Sr-Nd-Pb isotopic compositions and the first Re-Os isotope data for Mt Bambouto. The geochemistry of the caldera rocks is compared with that of previously studied pre-caldera samples and is used to provide detailed constraints on magmatic differentiation processes and to investigate the characteristics of the mantle source of the parental magmas.
GEOLOGICAL OVERVIEW OF THE CAMEROON VOLCANIC LINE
The CVL is formed by volcanic and sub-volcanic complexes located on both continental and oceanic lithosphere (Fig. 1a) . The oldest magmatism is represented by 70 Myr old plutonic ring complexes (Cantagrel et al., 1978; Lassere, 1978; Ngounouno et al., 2001; Kamden et al., 2002; Montigny et al., 2004) , whereas the preserved volcanic rocks range in age from 56 Ma to Present (Fitton & Dunlop, 1985; Dé ruelle et al., 2007, and references therein) . Apart from an apparent NE-SW migration of the onset of volcanism in the oceanic CVL (Principe to Annobon; Lee et al., 1994) , no clear timerelated migration of volcanic activity is evident along the whole chain. In addition, several volcanic centers (e.g. Mt Oku, Mt Bambouto, Principe Island) display uncommonly prolonged (Oligocene to Quaternary) magmatic activity.
The continental basement of the onshore CVL is formed by less than 100 km thick continental lithosphere (Plomerova et al., 1993) that is located between two cratonic regions (Congo and West African cratons) characterized by thick lithospheric keels (Ritsema & van Heijst, 2000) and structured by Pan-African lineaments (Moreau et al., 1987) .
Several hypotheses have been proposed to explain the peculiarities of the CVL. The most accepted one suggests that the CVL might be the result of a SW-NE linear mantle upwelling, or 'hotline', possibly developed along lithospheric discontinuities during reactivation of Pan-African lineaments between the cratonic blocks (Moreau et al., 1987; Binks & Fairhead, 1992; Ritsema & van Heijst, 2000; Burke, 2001; Dé ruelle et al., 2007; Reusch et al., 2010; Milelli et al., 2012) . The long history of the CVL, the slow movement of the African plate and the location of the CVL between two cratonic keels suggest that the SCLM in this region may have been repeatedly metasomatized and sampled by magmas (e.g. Marzoli et al., 2000) .
The CVL ultrabasic-basic rocks are mainly basanites and alkali-basalts with broadly similar major and trace element compositions all along the chain, suggesting similar sources for both continental and oceanic magmas (Fitton & Dunlop, 1985; Dé ruelle et al., 1991) . However, detailed isotopic studies have revealed important geochemical variations along the CVL and within single volcanic complexes. The isotopic compositions of CVL basic-ultrabasic rocks are similar to those of Atlantic ocean island basalt (OIB) (St Helena, Cabo Verde, Canaries), reflecting direct involvement or recycling of sub-lithospheric (deep) mantle components, such as depleted mid-ocean ridge basalt (MORB) mantle (DMM) and enriched mantle (EM), high U/Pb (HIMU) or FOZO (Halliday et al., 1988 (Halliday et al., , 1990 Lee et al., 1994; Ballentine et al., 1997; Barfod et al., 1999; Aka et al., 2004; Dé ruelle et al., 2007; Asaah et al., 2015) . Geochemical and petrological studies have also shown evidence for the involvement of both SCLM and crust Rankenburg et al., 2004 Rankenburg et al., , 2005 Yokoyama et al., 2007; Kamgang et al., 2008) . In particular, an SCLM contribution is possible for ultrabasicbasic rocks from some continental volcanoes that are strongly alkaline (nephelinites or lamprophyres) and enriched in incompatible elements and volatiles (e.g. Mt Etinde, Tchircotché ; Nkoumbou et al., 1995; Ngounouno et al., 2005) . In addition, some basic-ultrabasic rocks from Mt Bambouto and the Bamenda Mts Kamgang et al., 2008 Kamgang et al., , 2013 ) display a strong enrichment in Sr, Ba and P and depletion in Zr, with relatively high 87 Sr/ 86 Sr (>0Á70335) compared with the other continental and oceanic CVL basic-ultrabasic rocks and average OIB (e.g. Fitton, 1987) . These rocks have been named high-Sr rocks and display geochemical signatures suggestive of a lithospheric source including carbonatitic components . Most of the basic rocks do not show such characteristics and are identified as a low-Sr group with 87 Sr/ 86 Sr < 0Á70335 and Sr, Ba and P contents close to the values of average OIB .
Initial 187 Os/ 188 Os ratios of CVL rocks obtained in previous studies range from 0Á123 to 0Á560 (Rankenburg et al., 2005; Gannoun et al., 2015) . The 187 Os/ 188 Os initial ratios of lavas from the oceanic sector of the CVL tend to show more restricted variations (0Á128-0Á190) compared with those from the continental sector (0Á123-0Á560; Rankenburg et al., 2005; Gannoun et al., 2015) . Rankenburg et al. (2005) found evidence for crustal contamination among continental samples from the Biu and Jos Plateaux. The extent of such a crustal contribution to these samples is demonstrated by their highly radiogenic 187 Os/ 188 Os (up to 0Á560) and mildly radiogenic 87 Sr/ 86 Sr (up to 0Á7036), coupled with relatively unradiogenic 206 Pb/ 204 and 143 Nd/ 144 Nd (0Á513015-0Á512881; Rankenburg et al., 2004 Rankenburg et al., , 2005 isotopic compositions. According to Rankenburg et al. (2005) , samples interpreted as chemically influenced by the SCLM are characterized by radiogenic 206 Pb/ 204 . However, these Pb isotopic compositions are coupled with fairly constant Os isotopic compositions, leading those researchers to suggest that the magmas were derived from an asthenospheric source with 187 Os/ 188 Os $0Á129 and that this value was not significantly modified by interaction with the lithosphere (Rankenburg et al., 2005) .
The Sr-Nd-Pb isotopic compositions of ultramafic xenoliths (spinel lherzolites, minor websterites and rare harzburgites) and clinopyroxene megacrysts from the metasomatized sub-continental lithospheric mantle of the continental CVL (Mt Cameroon, Mt Oku, Ngaoundere, Biu plateau and Nyos) overlap with those of the associated lavas, covering an isotopic field ranging from DMM to HIMU (Lee et al., 1996; Rankenburg et al., 2004 Rankenburg et al., , 2005 . Peridotite xenoliths derived from the SCLM beneath Cameroon yield 187 Os/
188
Os of 0Á118-0Á128 (Gannoun et al., 2015; Liu et al., 2017) .
The evolved volcanic rocks associated with basanites and alkali basalts are mostly phonolites in the oceanic sector and quartz-(Q-) normative silicic rocks in the continental sector of the CVL (Fitton, 1987) . Because nepheline-(Ne-) normative evolved rocks are rare or absent at continental volcanoes (exceptions discussed previously in the literature include Manengouba, Ngaoundé ré plateau and Kapsiki Hills; Fitton, 1987; Nono et al., 1994; Marzoli et al., 1999; Ngounouno et al., 2000) , it has been suggested that silica over-saturation is achieved through substantial assimilation of silicic continental crust (Fitton, 1987; Halliday et al., 1988) . However, some silicic magmas of the continental CVL appear to be related to the associated alkali basalts through fractional crystallization without significant crustal contamination, as suggested by their Sr-Nd-O isotopic compositions that are similar to those of the associated ultrabasic-basic rocks (Marzoli et al., 1999; Ngounouno et al., 2000; Kamgang et al., 2007) .
GEOLOGICAL SETTING OF MT BAMBOUTO
The present study concerns the geochemical evolution of the Mt Bambouto volcano located in the highlands of northwestern Cameroon (Fig. 1) . Mt Bambouto is mainly composed of basanitic-basaltic to trachyticrhyolitic lava flows, which overlie granitoid or more rarely dioritic basement of Pan-African age (c. 620 Ma; Kwé kam et al., 2010) . The Mt Bambouto stratovolcano is located NW of the Central Cameroon shear zone, a major, still active fault belt that follows old Pan-African lineaments (e.g. Moreau et al., 1987) . Seismic and gravity data suggest a crustal thickness of c. 30-35 km in this region, with a lithospheric thickness of about 80-100 km (Fairhead & Okereke, 1987; Plomerova et al., 1993; Poudjom Djomani et al., 1995; Reusch et al., 2010; Tokam et al., 2010) .
Chronology of the magmatic activity at Mt Bambouto
Mt Bambouto is a complex stratovolcano, consisting of a main central edifice built predominantly of silicic lava flows and pyroclastic rocks, surrounded by smooth slopes covered by basic-ultrabasic lava flows. The volcanic edifice is dissected by a large nested caldera formed in at least two successive episodes. The caldera has a roughly north-south axis of about 10 km, an eastwest axis of about 12 km, and a maximum depth of about 1000 m (Figs. 1c and 2a) . The southern, eastern and northern caldera rims rise 1000 m above the basement, up to an average height of about 2400 m a.s.l. (above sea level) and a maximum height of 2740 m a.s.l. in the SE. The western rim is open towards the plains of western Cameroon and the Benue Trough (Nigeria).
The absolute and relative age of the basic-ultrabasic lava flows is not easy to ascertain owing to the lack of K-rich minerals suitable for 40 Ar/ 39 Ar dating and to the scarcity of accessible outcrops. Because only two age dates are available for the basic rocks, the geochronological framework for the Mt Bambouto activity is provided mainly by 40 Ar/ 39 Ar ages for silicic rocks (Fig. 2 ). All the ages reported below were recalculated using the decay constant of Renne et al. (2011) .
The main volcanic and intrusive activity at Mt Bambouto is of Miocene age, according to previous 40 Ar/ 39 Ar data (Marzoli et al., 1999 and our new 40 Ar/ 39 Ar analysis (Table 1) [see also Dongmo et al. (2010) for a review of all available radio-isotopic ages for Mt Bambouto]. The oldest age obtained (CA51: 20Á8 6 0Á1 Ma; 2r uncertainty; Marzoli et al., 2000) is for a moderately alkaline basic rock belonging to the lowSr group (basic alkaline unit 1; Fig. 2a ). This age may define the onset of the basic-ultrabasic magmatism at Mt Bambouto. The oldest dated silicic rock is a rhyolitic ignimbrite erupted at 17Á9 6 0Á1 Ma (CA1, Marzoli et al., 1999) during an early stage of caldera collapse ( Fig. 2a ; see Tchoua, 1974; Nono et al., 2003) . This volcanic activity was followed by the main construction phase of Mt Bambouto, represented by trachyandesites, quartztrachytes and rhyolites (silicic flows of the main construction phase; CA10: 16Á2 6 0Á1 Ma; Marzoli et al., 1999; Fig. 2a ) erupted on the main edifice and from small peripheral centers (e.g. the Fongo Tongo cone: 16Á2 6 0Á1 Ma; Marzoli et al., 1999) . The youngest caldera collapse and pyroclastic activity at Mt Bambouto is represented by up to 50 m of ignimbrites (ignimbrite 2 in Fig. 2a ) and mostly altered fall deposits preserved in the caldera interior. After caldera formation, rare small-volume basanitic and alkali basaltic flows and dykes (basic alkaline unit 2; 40 Ar/ 39 Ar age for alkali basalt dyke CA27 ¼ 15Á3 6 0Á1 Ma; Marzoli et al., 2000) , and Ne-trachytic to phonolitic lava flows or domes were emplaced in the caldera interior or at its rim (late alkaline evolved unit; Fig. 2a ). These rocks from the caldera rim and interior were sampled for this study. Notably, the caldera basic-ultrabasic samples all belong to the high-Sr group.
The available geochronological data suggest that volcanic activity at the Mt Bambouto volcanic complex lasted for at least 3 Myr ($18-15 Ma: main construction phase and last alkaline basic and evolved phases; Fig.  2a ). Such long-lasting activity is rather common in the CVL and on slow-moving plates in general (Meyzen et al., 2016) . Scattered activity continued through the Pliocene and during the Quaternary Nono et al. (2003) for more detail on the earliest explosive activity at Mt Bambouto]. The horizontal scale is indicative and the stratigraphic relations are schematic. Reported ages are 40 Ar/ 39 Ar ages from this study (in bold italic) and from Marzoli et al. (1999 Marzoli et al. ( , 2000 (in bold). Main magmatic events at Mt Bambouto according to Marzoli et al. (1999 Marzoli et al. ( , 2000 , Nono et al. (2003) and Kagou Dongmo et al. (2010) . (b) Topographic map of the Mt Bambouto caldera indicating the sampling locations of significant rocks from this and previous studies, discussed in the text (prefix CA omitted).
at Mt Bambouto and in the nearby areas of the Bamenda Mountains (north and east of Mt Bambouto, Fig. 1 ; Kamgang et al., 2008) .
Petrology and geochemistry of Mount Bambouto rocks
The magmatic rocks of Mt Bambouto span a wide range of compositions from strongly alkaline to subalkaline and include basic and evolved rocks. As noted above, two main end-member compositions have been described for the ultrabasic-basic rocks, 'low-' and 'high-Sr' . The 'low-Sr' group is represented by alkali basalts and the transitional (hypersthene-or olivine-normative) basaltic flows (basic alkaline unit 1, Fig. 2a ) that have trace element and isotopic compositions broadly similar to those of the oceanic CVL basalts; that is, low 87 Sr/ 86 Sr i (<0Á70335) and low incompatible element concentrations. These lava flows seem to be predominant during the early stages of volcanic activity. They have been interpreted as magmas with a dominant asthenospheric signature . In contrast, the 'high-Sr' group is composed of basanitic flows and alkaline-transitional basaltic dikes that are characterized by significantly higher concentrations of Ba, Sr and P, and by higher 87 Sr/ 86 Sr i (0Á70335-0Á70362). The 'high-Sr' basic-ultrabasic rocks, which are dominant during the late stages of magmatic activity (basic alkaline unit 2) have been interpreted as magmas with a dominant lithospheric mantle signature . Notably, similar high-and low-Sr compositions have recently been described for ultrabasic-basic samples from the nearby Bamenda Mountains (Kamgang et al., 2008 .
Most Mt Bambouto silicic volcanic rocks have high 87 Sr/ 86 Sr i (up to 0Á714), probably resulting from contamination by crustal rocks. However, a few, relatively early erupted quartz-normative trachyte flows are characterized by Sr-Nd-O isotopic compositions similar to those of the basic rocks from which they probably differentiated, without appreciable crustal contamination (Marzoli et al., 1999) .
THE NEW DATASET
For the present study we sampled rocks from the caldera interior and rims (Figs 1 and 2 ). Eighteen new lavas and a granite from the caldera were investigated for major and trace elements, including rare earth elements (REE , Table 2 ), and Sr-Nd-Pb-Os isotopes (Tables 3  and 4 ). In addition, Pb isotopes were analysed for one basic dyke and a trachyte from a peripheral center and two pre-caldera basic rocks (Table 3) . Five samples (two caldera basanites, one dyke, one pre-caldera alkali basalt and one pre-caldera basanite) were analysed for ReOs isotopes (Table 4) .
The samples range in composition from ultrabasicbasic to silicic, including also strongly evolved Nenormative rocks (trachytes and phonolites, late alkaline evolved unit; Figs 2a and 3), which are absent among the pre-caldera samples (i.e. main construction phase; Fig. 2a ) and, in general, scarce in the continental CVL. Three petrological groups have been recognized among the rocks found in the caldera: (1) low to moderately evolved nepheline-(Ne-) normative ultrabasic and basic rocks, classified as basanites and trachybasalts according to the total alkalis-silica (TAS) diagram ( Fig. 3 ): basic alkaline unit 2; (2) highly evolved Ne-normative rocks (one phonolite, and two Ne-normative trachytes, hereafter called evolved alkaline rocks: late evolved alkaline unit; Figs 2a and 3); (3) highly evolved subalkaline rocks (hypersthene-(Hy-) and olivine (Ol-) normative trachyandesites and quartznormative trachytes and one rhyolite (main construction phase; Figs 2a and 3). Similar petrological types occur at more than one stratigraphic position (see Fig. 2a ).
The basic-ultrabasic rocks are olivine-and clinopyroxene-phyric, with plagioclase and amphibole occurring in only a few evolved basic rocks. Silicic lavas are only sparsely porphyritic or aphyric and contain mainly sanidine crystals and rarely clinopyroxene microphenocrysts. Amphibole relics and clinopyroxene are present in the phonolite and Ne-trachyte. Clinopyroxene, olivine, and amphibole compositions have been used by Marzoli et al. (2015) to constrain the temperature and depth of crystallization of the ultrabasic-basic to silicic magmas. Basanites of the basic alkaline unit 2 erupted from deep crustal magma chambers (at c. 1 GPa), whereas trachybasalts of the same unit and trachytes of the late alkaline evolved unit tapped shallower chambers at mid-to shallow crustal levels (at c. 0Á6 GPa and 0Á1-0Á2 GPa, respectively).
The major and compatible trace element compositions of the rocks of this new dataset have been given Ages are calculated relative to the calibration of Renne et al. (2011) . The error is given at the 2r level and includes the analytical uncertainty on the calculated J value (¼0Á005237). It should be noted that the low 37 Ar/ 39 Ar values indicate that the analyzed material was pure sanidine.
by Marzoli et al. (2015) . Here we outline the main characteristics of these new samples. The basanites, alkali basalts and trachybasalts from basic alkaline unit 2 have major and trace element contents similar to the rocks from basic alkaline unit 1 . The MgO content of the basanites and alkali basalts of basic alkaline unit 2 varies between 9Á65 and 5Á6 wt % (11Á6-5Á9 wt % for basic unit 1), whereas it is lower in trachybasalts (7Á3-2Á4 wt %). Basanites and alkali basalts from basic alkaline unit 2 have higher contents of CaO and TiO 2 and lower Al 2 O 3 contents (CaO ¼ 12Á5-11Á8 wt %; TiO 2 ¼ 4Á2-3Á1 wt %; Al 2 O 3 ¼ 15Á9-11Á9 wt %) compared with similar rocks from other CVL volcanoes (Marzoli et al., 1999 . They are also characterized by fairly high P 2 O 5 (1Á4-0Á8 wt %), like the basic alkaline unit 1 high-Sr basic-ultrabasic rocks (1Á1-0Á9 wt %). The most primitive rocks (MgO 8-11Á6 wt %) from both basic alkaline units 1 and 2 are likely to have experienced 
limited fractionation of olivine and clinopyroxene according to their Cr and Ni contents (Cr ¼ 225-533 ppm, Ni ¼ 86-183 ppm). All highly alkaline (late alkaline evolved unit) and sub-alkaline evolved rocks (main construction phase unit) have low MgO (<1Á3 wt %), CaO (<4 wt %), TiO 2 (<1Á2 wt %) and P 2 O 5 (<0Á4 wt %). The phonolite (CA296) and Ne-trachytes (CA295 and CA288) have relatively higher Al 2 O 3 and CaO than the Q-normative silicic rocks of the main construction phase (see Table A1 in the Supplementary Data; supplementary data are available for downloading at http://www.petrology.oxford journals.org). All Mt Bambouto Q-normative trachytes and rhyolites of the main construction phase have similar compositions regardless of their sampling location (i.e. within or outside the main caldera).
All data obtained on Mt Bambouto rocks in previous studies are compiled in Table A1 in the Supplementary Data.
ANALYTICAL METHODS
Whole-rock REE and Pb, Th and U were measured by inductively coupled plasma-mass spectrometry (ICP-MS) at XRAL laboratories, Toronto, Canada, using a VG Plasma-Quad system, after Na 2 O 2 fusion. Detection limits and uncertainties are, respectively, 0Á05-1 ppm and less than 5% for REE, Pb, Th and U. Other whole-rock incompatible trace element concentrations were measured at the University of Trieste, Italy, by X-ray fluorescence (XRF) following the procedures described by Marzoli et al. (2000) .
Samples for Sr and Nd isotopic analysis were first dissolved in a mixture of ultrapure HF and HNO 3 in Teflon vessels at 70 C for 48 h. The solutions were then dried and the residues were re-dissolved in 6Á2 N ultrapure HCl for 12 h at 70 C. Sr was separated by chromatography using columns loaded with 3 ml AG 50 W-X8 resin, whereas the separation of Nd from the REE was performed by reversed ion exchange chromatography, using HDEHP as the stationary phase. The isotopic compositions were measured using a Finnigan MAT 262-RPQ mass spectrometer at the Centro di Studio per il Quaternario e l'Evoluzione Ambientale, CNR, Rome, Italy. Sr and Nd were run on Re double filaments. The internal precision (within-run precision) of a single analytical result is given as two standard error of the mean. Repeated analyses of standards gave averages and (Sun & McDonough, 1989) . All ratios are available in the Supplementary Data. Primitive mantle normalization values from Sun & McDonough (1989) . Eu/Eu* ¼ Eu CN / ͱ(Sm CN Â Gd CN ). References: 1, Marzoli et al. (2015) ; 2, present study. Sr and Nd data for CA21, CA3, CA54 and CA40 from Marzoli et al. (2000) . All the measured Sr and Nd isotopic ratios have been back-calculated assuming an age of 15 Ma.
errors expressed as two standard deviations (2r) Nd/ 144 Nd normalized to 0Á7219. Total procedural blanks were below 2 ng for Sr and 1 ng for Nd.
Samples for Pb isotopic analysis were leached for >36 h in a mixture of 7 M HCl and concentrated HNO 3 before dissolution with HF and HNO 3 , following the procedures described by Chiaradia & Fontboté (2000) . Lead was further purified using an AG-MP1-M anion exchange resin in a hydrobromic medium. The procedural blanks for Pb were lower than 200 pg; that is, insignificant compared with the amounts of Pb found in the samples. The Pb isotopic compositions were determined using a Thermo Finnigan TRITON mass spectrometer at the University of Geneva, Switzerland. Lead isotope ratios were corrected for fractionation by a þ0Á08% a.m.u. correction factor based on repeated analyses of the SRM-981 international standard based on the SRM981 values proposed by Todt et al. (1996) Re spikes, the samples ($1 g of powder) were digested in sealed quartz tubes for 4-6 h at 130 bar, 300 C in a high-pressure asher (HPA Anton-Paar) with 5 ml HNO 3 $15 N and 2Á5 ml HCl $11 N. Osmium was then extracted with liquid Br 2 and Os ratios include in-run 2 standard errors, long-term 2r reproducibility of the liquid standard ($0Á2%) and uncertainties on blanks (isotopic composition and quantity). All data are blank corrected, using blank values given in the text. The initial ratios were calculated assuming an age of 15Á08 Ma for CA3, CA297 and CA281 and 20Á80 Ma for CA40 and CA54. Uncertainties on initial ratios include in-run errors and uncertainties on blank corrections and on 187 Re/ 188 Os ratios and ages used for radiogenic corrections (all 2r). Initial ratios were calculated using a decay constant k ¼ 1Á666 Â 10E -11 (Smoliar et al., 1996) . et al., 1986) . Data from Marzoli et al. (1999 Marzoli et al. ( , 2000 Marzoli et al. ( , 2015 . The data are available in Supplementary Data Table A1 .
purified by microdistillation, following the methods developed by Birck et al. (1997) . Rhenium was extracted and purified from the acid residues of the Os extractions, after drying and redissolution in dilute HNO 3 , using AG-1-X8 anion exchange resin loaded on Bio-Rad columns with HNO 3 as eluant. Osmium concentrations for the samples were determined by isotope dilution analysis of the same aliquots used for isotopic composition determination. Samples were analyzed during two different time periods, together with similar samples from other projects. For the first batch (CA3, CA40 and CA540) total Os procedural blanks averaged 0Á33 6 0Á22 pg with 187 Os/ 188 Os ¼ 0Á29 6 0Á15 (2r, n ¼ 6), whereas for the second (CA281 and CA297) they averaged 0Á16 6 0Á09 pg with 187 Os/ 188 Os ¼ 0Á35 6 0Á17 (2r, n ¼ 9). Osmium isotopic compositions were measured as OsO 3 by negative thermal ionization mass spectrometry (N-TIMS, Creaser et al., 1991; Volkening et al., 1991) using a Finnigan MAT 262 instrument, in peak jumping mode using an ETP electron multiplier. Corrections for isobaric interferences related to 17 O and 18 O were made assuming the Nier oxygen isotopic compositions. The in-house Os standard run over the course of these analyses yielded 187 Os/ 188 Os ¼ 0Á17368 6 0Á00028 (2r, n ¼ 9; 10 pg loads). Mass 233, which may represent 185 ReO 3 , but may also result from other unidentified molecular ions, was monitored throughout the analyses to identify potential Re interference on mass 235 ( 187 OsO 3 ). Spiked Re isotopic ratios were determined using a PerkinElmer Elan 6000 quadrupole ICP-MS system in the SARM laboratory located at CRPG. Rhenium concentrations were calculated by isotope dilution. Mass fractionation was controlled by standard bracketing, with standard measurements every four samples. On the Elan 6000 instrument, 187 Re/ 185 Re varied by $0Á3% throughout the course of a day. In-run 187 Re/ 185 Re uncertainties correspond to 0Á5-2% (2r) Re concentration uncertainties. Total Re blanks were 5 6 5 pg (2r) for the first batch and 4 6 3 pg (2r) for the second batch. 40 Ar/ 39 Ar total fusion analyses of single sanidine crystals, using a NdYAG laser, were performed at the Berkeley Geochronology Center in 1999, following the procedures described by Marzoli et al. (1999) . The ages are calculated for an age of Fish Canyon sanidine of 28Á294 6 0Á036 Ma using the decay constant reported by Renne et al. (2011) .
RESULTS

40
Ar/ 39 Ar geochronology A Q-trachyte lava flow (CA284) was sampled close to the caldera, at 2260 above sea level (Fig. 2) , and was selected in this study for 40 Ar/
39
Ar geochronology because it contained sanidine. This lava flow was collected at the top of the $1000 m thick sequence of mainly silicic lava flows forming the main edifice (Fig. 2a) . Seven total fusion analyses were performed on seven single sanidine grains separated from the bulk-rock, yielding ages ranging from 15Á58 6 0Á13 Ma (2r) to 15Á76 6 0Á15 Ma (2r), all concordant within uncertainties. Detailed data for the 40 Ar/ 39 Ar measurements are given in Table 1 . A weighted mean age of 15Á66 6 0Á11 (MSWD ¼ 0Á16; P ¼ 0Á99; 2r; Fig. 4 ; Table 1) was calculated using the individual sanidine ages. Together with previous ages (Marzoli et al., 1999 , this age confirms that the main edifice was emplaced in $2 Myr and gives a maximum age for the last caldera formation event.
Trace element compositions
The incompatible element patterns of the basanites and alkali basalts from basic alkaline unit 2 are relatively enriched in the most incompatible elements (Fig. 5) . They Ar ages of seven single sanidine analyses of Q-trachyte CA284 from the top of the Mt Bambouto edifice (see Fig. 1c ). Mean calculated age (15Á66 6 0Á11 Ma) and peak age (15Á65 Ma) are shown. Analytical uncertainties are reported at the 2r level, and do not include uncertainties in decay constant and standard age values. The ages are calculated for FCs standard (Fish Canyon sanidine ¼ 28Á294 6 0Á036 Ma using the decay constant given by Renne et al. (2011) (Sun & McDonough, 1989) trace element concentrations of Mt Bambouto caldera basanites (CA286 and CA281) and caldera trachybasalts (CA291 and CA279). Also shown are alkali basaltic dykes (CA3, CA25, and CA27) and pre-caldera high-Sr basanite (CA54) and low-Sr alkali basalt (CA40). Data for CA3, CA25, CA54 and CA40 from Marzoli et al. (1999 Marzoli et al. ( , 2000 .
have high Ba, Sr and P contents and their incompatible element patterns show positive anomalies for these elements and a negative anomaly for Zr (Fig. 5) Sun & McDonough, 1989) . The 'high-Sr' group of basanites and trachybasalts and Ne-basalt dykes of basic alkaline unit 1 have incompatible element contents and REE patterns similar to those of the basanites and alkali basalts of the basic alkaline unit 2 (Figs 6 and 7; Table 2 ; see Supplementary Data for the complete Mt Bambouto lavas dataset). The high-Sr basanites and alkali basalts from both basic alkaline units 1 and 2 are characterized by high LILE/HFSE (high field strength elements) (Sr/Zr ¼ 9Á1-24Á2), LILE/ LREE (Ba/La ¼ 12Á1-19Á9) and LREE/HREE (La Cn / Yb Cn ¼ 15Á8-18Á6), and a depletion of Zr compared with Sm, the REE of similar compatibility (Zr/Sm ¼ 7Á1-16Á1; average ¼ 11Á0).
In contrast, the Mt Bambouto 'low-Sr' alkali-basalts (e.g. CA40) lack significant positive Ba, Sr and P, and negative Zr anomalies (Fig. 5; Marzoli et al., 2000) . They have LILE and Zr contents (Sr ¼ 610-992 ppm, Ba ¼ 387-409 ppm, Rb ¼ 32-47 ppm, Zr ¼ 243-319 ppm; Marzoli et al., 2000) closer to those of average OIB (Sr ¼ 660 ppm, Ba ¼ 350 ppm, Rb ¼ 31 ppm, Zr ¼ 280 ppm; Sun & McDonough, 1989) . They are less enriched in LILE relative to HFSE (Sr/Zr ¼ 2Á5-3Á1; Ba/La ¼ 7Á6-10Á3; average OIB ¼ 9Á4) and have lower LREE/HREE (La/Yb CN ¼ 13Á1-15Á8) and higher Zr/Sm ratios (28Á2-29Á8; average OIB ¼ 28).
All the ultrabasic-basic samples, both pre-caldera and from the caldera, show positive Nb anomalies. It should be noted that sample CA48 is a plagioclase-rich trachybasalt that has high Sr and Ba contents close to the values of the high-Sr group, yet group, but the high Ba and Sr contents are probably related to the presence of a large amount of plagioclase. As mentioned above, the basic rocks are only slightly differentiated; it is therefore unlikely that fractional crystallization modified their incompatible elements contents significantly. Specifically, the Sr, P, Ba and Zr contents are unlikely to be affected by the early stage of fractional crystallization that involves olivine and clinopyroxene. Moreover, at this stage of fractional crystallization, incompatible element ratios do not vary. Therefore, Sr, Ba, P and Zr concentrations and incompatible element ratios probably represent source characteristics.
The caldera highly evolved alkaline (Ne-normative) rocks [one phonolite, CA296, and two Ne-trachytes, CA295 and CA288; see also phonolite C116 reported by Fitton (1987) ] have slightly concave REE patterns (Fig.  7b) , that is, relatively high La/Gd CN (8Á2-15Á6) and low Gd/Lu CN (1Á4-1Á8), and lack Eu anomalies, except for the peralkaline Ne-trachyte CA288 (Eu/Eu* ¼ 0Á54). The REE contents are lower than those of the other evolved samples from Mt Bambouto (Fig. 7b , Table 2 Marzoli et al. (1999) . Basanites and alkali-basalts in (a) are also compared with four calculated magma compositions produced by non-modal batch melting: (1) melt produced by 1% melting of a spinel peridotite with a primitive (i.e. chondritic) REE composition (thin black dashed line); (2) melt produced by 1% melting of a garnet peridotite with a primitive composition (thin black continuous line); (3) melt produced by 2% melting of a garnet peridotite with an enriched composition (e.g. La ¼ 0Á61, La/Yb ¼ 2Á85; thick dashed gray line); (4) melt produced by 27% melting of a DMM-hornblendite 'sandwich' source (Pilet et al., 2008 (Pilet et al., , 2011 ; (5) a mixture between a melt produced by 1% melting of garnet peridotite (70% of the mixture) and a melt resulting from 1% melting of spinel peridotite (30% of the mixture) with enriched composition (thick black dashed line). Chondritic compositions are after McDonough & Sun (1995) ; the enriched mantle compositions correspond to those of a mantle xenolith from the nearby Nni maar (LN26, E. M. Piccirillo, personal communication, 2005) . Peridotite-melt partition coefficients are after McKenzie & O'Nions (1991) . Source rock modal proportions are 0Á58, 0Á23, 0Á15 and 0Á05 for, respectively, olivine, orthopyroxene þ clinopyroxene and garnet (or spinel); the modal proportions of these phases entering the melt are 0Á05, 0Á05, 0Á45 and 0Á45, respectively. drop to 125 and 45 ppm, respectively, in the Ne-trachyte CA288.
The caldera highly evolved subalkaline rocks (i.e. the trachyandesite CA282, the Q-trachytes, and rhyolite CA278) are strongly differentiated, in particular by plagioclase fractionation, resulting in low Ba (18-153 ppm) and Sr (6-119 ppm; Fig. 6 ), and high contents of HFSE (Zr ¼ 773-1966 ppm; Nb ¼ 152-359 ppm) . A broad overlap is observed for caldera and pre-caldera silicic rocks in terms of HFSE ratios (i.e. Zr/Nb ¼ 4Á6-7Á1 vs 4Á4-6Á5, respectively) and REE ratios (La/Yb CN ¼ 9-17 vs 8-19; Eu/ Eu* ¼ 0Á48-0Á64 vs 0Á46-0Á67; Fig. 7) . In contrast, Q-trachytes from peripheral centers (Fongo Tongo and Bafoussam/Bandjoun; Marzoli et al., 1999) have substantially higher Zr/Nb (6Á7-14Á2) and have negligible negative Eu anomalies (Q-trachyte CA21, Fongo Tongo, Eu/ Eu* ¼ 0Á96). Notably, the REE pattern of the caldera trachyandesite CA282, characterized by distinctly high La/ Gd CN (10Á4), by a slight negative Eu anomaly (Eu/ Eu* ¼ 0Á92) and a slightly concave pattern (Gd/Lu CN ¼ 2Á1; Fig. 7) , is closer to that of the Q-trachytes of the peripheral centers than to those of pre-caldera samples. (Halliday et al., 1988 (Halliday et al., , 1990 Lee et al., 1994; Rankenburg et al., 2004 Rankenburg et al., , 2005 Kamgang et al., 2008; Asaah et al., 2014) .
Isotopic compositions
Ultrabasic-basic caldera samples (basic alkaline unit 2) have 87 Sr/ 86 Sr i slightly higher than 0Á70335, similar to the values of the pre-caldera (basic alkaline unit 1) 'high-Sr' basanites and tephrites. It should be noted that the Nebasalts of basic alkaline unit 1 are the only basicultrabasic rocks of the 'low-Sr' type defined by Marzoli et al. (2000) with 87 Sr/ 86 Sr i slightly lower than 0Á70335 ( Fig.  8b and h ). The differences between 'high-Sr' and 'low-Sr' basic samples is also confirmed by the slightly more radiogenic Pb isotopic compositions of the low-Sr alkali basalt (CA40, 
Re-Os isotopic compositions of basic-ultrabasic rocks
Five Mt Bambouto ultrabasic-basic samples were analyzed for their Re-Os isotopic compositions (Table 4) . These include two caldera basanites, one pre-caldera basanite, one pre-caldera alkali basalt and one alkali basaltic dyke. The osmium concentrations of the samples are low (5-26 ppt) compared with those previously reported for most other continental and oceanic CVL basic rocks (4-350 ppt; Rankenburg et al., 2005; Gannoun et al., 2015) . Rhenium concentrations vary from 25 to 401 ppt, overlapping the range found in other CVL basic rocks (61-1144 ppt; Rankenburg et al., 2005; Gannoun et al., 2015) . No significant correlations were observed between Os concentrations and compatible element contents (e.g. MgO, Cr and Ni), whereas Re is positively correlated with Cr. However, as only five samples were analyzed, and these represent different series and are not contemporaneous, this apparent correlation should not be over-interpreted.
The measured
187
Os/
188
Os ratios are similar for the caldera basanite CA297 and the pre-caldera alkali basalt CA40 (0Á158 and 0Á159, respectively), whereas those of the pre-caldera basanite CA54, of the caldera basanite CA281 and of the dyke CA3 are substantially higher (0Á226-0Á273). Owing to the high Re/Os ratios, the calculation of initial 187 Os/ 188 Os is strongly dependent on the age of the samples, which is not precisely known, in particular for the pre-caldera rocks, thus resulting in a potential large imprecision on the calculated ratios. Nevertheless, an error of 5 Ma on the age would result in a difference of 0Á016-0Á007 on the calculated initial 187 Os/ 188 Os, which is larger than the analytical errors but lower than the difference between the two data groups ( Gannoun et al., 2015) .
In general, the Os isotopic compositions of the Bambouto rocks are not correlated with their Sr-Nd-Pb isotopic ratios or with major or trace element ratios or contents (including those of Os 
Sr-Nd-Pb isotopic compositions of evolved rocks
The two highly evolved alkaline rocks from the caldera (late alkaline evolved unit), Ne-normative phonolite CA296 and Ne-trachyte CA295, are characterized by Pb; (h) enlargement of (g). Data from pre-caldera samples from Marzoli et al. (1999 Marzoli et al. ( , 2000 , except for CA21, CA40, CA54 and CA3 (present study). Plotted for comparison are: Benue Trough Cretaceous tholeiites, data from Coulon et al. (1996) ; CVL crustal xenoliths, data from Fitton (1987) and present study; mantle xenoliths from Lee et al. (1996) ; CPX megacrysts from Rankenburg et al. (2004 Rankenburg et al. ( , 2005 . Also shown are data for CVL volcanic rocks from both continental and oceanic sectors and the continent-ocean boundary: data sources: Halliday et al. (1988 Halliday et al. ( , 1990 ; Lee et al. (1994) ; Ballentine et al. (1997) ; Rankenburg et al. (2005) . NHRL, Northern Hemisphere Reference Line of Hart (1984) . HIMU, EMII and DM mantle components after Zindler & Hart (1986) . rocks ( Fig. 8c and d) Nd i ¼ 0Á51265; Fig. 8a  and b) , and some evolved Mt Bambouto Hy-or Q-normative basic rocks .
Caldera Q-trachytes (CA292, CA294 and CA284: main construction unit in Fig. 2a) Nd i is virtually constant (0Á51272-0Á51275) and slightly lower than the range of the Mt Bambouto ultrabasic-basic rocks (Fig. 8a) . These Sr-Nd isotopic compositions are similar to those of most silicic rocks from the main edifice of Mt Bambouto (silicic flows of the main construction phase; Fig. 2a Sr i ¼ 0Á70361-0Á70372; Marzoli et al., 1999) . Compared with Mt Bambouto ultrabasic-basic to highly evolved alkaline (Ne-normative) rocks, the Pb isotopic compositions of the caldera Q-trachytes, of Q-trachyte CA21 (Fongo Tongo peripheral cone) and of rhyolite C101 (Halliday et al., 1988) Pb equal to 18Á12, 15Á54 and 38Á81, respectively (Fig. 8) .
DISCUSSION
The major and trace element together with the isotopic compositions of the Mt Bambouto volcanic rocks reflect a variety of petrogenetic processes, which may include fractional crystallization, crustal contamination during magma migration and emplacement, variable mantle melting conditions and heterogeneous mantle source compositions. All of these aspects are examined below.
Closed-system differentiation-fractional crystallization
Major element models using MELTS (Ghiorso & Sack, 1995) and mineralogical data (Marzoli et al., 2015) suggest that the Mt Bambouto basanitic and basaltic magmas were issued primarily from deep crustal magma chambers. Highly alkaline Mt Bambouto rocks (e.g. phonolites) may have differentiated from basanitic parental magmas, whereas moderately alkaline trachytic rocks were derived from alkali-basalts. Both series differentiated in a complex network of magma chambers at various depths within the crust (Marzoli et al., 2015) . The fractional crystallization model curve shown in Fig. 9 indicates that the contents of Sr and Zr in Mt Bambouto evolved rocks (e.g. Q-trachyte CA293) can be obtained by fractional crystallization starting from a basic magma such as trachybasalt CA279 [partition coefficients according to Peccerillo et al. (2003) ]. This is in agreement with major element modelling by Marzoli et al. (2015) , who suggested that the evolved alkaline and subalkaline rocks are the result of 70-80 wt % fractional crystallization starting from parental basicultrabasic magmas. Basanitic magmas would be parental to the phonolites, whereas moderately alkaline basalts would be parental to Q-trachytes. The generation of the phonolite CA296 and of the Ne-trachyte CA295 may have involved fractionation of amphibole (in addition to olivine, clinopyroxene, plagioclase and magnetite), which would explain their concave REE patterns (D'Orazio et al., 1998). Also, Q-normative trachytes display slightly concave REE patterns, probably resulting from fractionation of minerals with enriched LREE/ HREE (e.g. feldspars and apatite; Fedele et al., 2015) plus fractionation of magnetite, which has a concavedownward REE pattern mirroring that of the Q-trachytes (D'Orazio et al., 1998) and possibly of minor amounts of amphibole. Marzoli et al. (2015) suggested also that the slightly higher Al 2 O 3 of caldera vs pre-caldera Q-trachytes may be due to lower amounts of plagioclase crystallization, possibly resulting from differentiation at greater depths within the continental crust. Reduced plagioclase fractionation is also likely for the peripheralcone Q-trachytes, which are relatively rich in Sr and show no significant Eu anomaly. Os of some basanitic and basaltic rocks may also be suggestive of a crustal imprint. In the following section, we try to identify the possible contaminants and quantify the extent of the process.
Open-system differentiation: crustal contamination
Plausible crustal components
Crustal contamination can be modelled as an assimilation-fractional crystallization (AFC; DePaolo, 1981) or energy constrained (EC)-AFC process (Spera & Bohrson, 2001 Nd of the felsic crustal rocks range from 0Á704 to 0Á93 and from 0Á5125 to 0Á5113 (back-calculated at 15 Ma) respectively, and are similar to those of analyzed rocks from the Nigerian basement (Dada et al., 1995 (Kwé kam et al., 2010 (Kwé kam et al., , 2013 .
Besides that of the granite CA283 (see Table 3 ) analysed in this study, the only Pb isotopic compositions available for the felsic basement were measured in two crustal xenoliths (granulites) Dada et al., 1995) . Below, we consider the effects of contamination by crustal rocks on the chemistry of the Mt Bambouto evolved and basic-ultrabasic magmatic rocks using EC-AFC models.
For the modelling of contamination processes in the petrogenesis of evolved rocks (trachytes and phonolites), we used the compositions of the local felsic crust represented by (1) the granite sampled within the caldera (CA283: assimilant upper crust-1, Supplementary Data Table A2 ) and (2) an average local granite composition (upper crust-2 assimilant, Supplementary Data Table A2 ).
For the EC-AFC modelling of contamination processes in the petrogenesis of the basic and ultrabasic rocks, we used as contaminants (1) Table A2 ). Because no elemental and isotopic Re-Os compositions of the Pan-African basic and silicic crustal rocks are available from the literature, the suggested mean 187 Os/ 188 Os i values for silicic and basic crust (1Á05 and 0Á8, respectively) of Peucker-Ehrenbrink & Jahn (2001) and Saal et al. (1998) were used (Supplementary Data Table A2 ). It should be noted that these values are similar to those used by Gannoun et al. (2015) for the AFC modelling of Mt Manengouba basic magmas.
Contamination of evolved rocks
Along with a few Hy-or Q-normative pre-caldera basic rocks (Halliday et al., 1988; Marzoli et al., 2000) , the evolved Mt Bambouto rocks define roughly two distinct Sr-Nd-Pb isotopic trends, which suggest contamination with different amounts of distinct crustal rocks (Fig. 10) . These trends were modeled using EC-AFC calculations, which bracket successfully most of the observed evolved Mt Bambouto rocks (parameters used in this and subsequent assimilation modelling are reported in Supplementary Data Table A2 Sr is defined by the caldera Nenormative trachyte CA288 and the Hy-normative trachyandesite CA282, as well as by pre-caldera Hy-and Q-normative evolved basic or intermediate rocks and Q-trachytes (e.g. CA21) and rhyolites from peripheral cones (trend 1, Fig. 10a ). The low radiogenic Nd at relatively low radiogenic Sr isotopic compositions of these samples are broadly consistent with assimilation of granitic Pan-African basement rocks similar to the granitoid CA283 (Table 3 ; Fig. 10 ). Considering an EC-AFC process, the calculations suggest moderate crustal assimilation (c. 20 wt %), at c. 50-60 wt % fractionation is needed to reach the isotopic and elemental compositions of the peripheral cone trachytes. The amount of fractionated minerals is broadly consistent with that inferred from major element modelling from previous studies on trachytic rocks from the CVL (Marzoli et al., 1999) . The calculated assimilation of granitic crustal rocks ( Pb $ 15Á5) would also explain the high D7/4 (6Á5) and D8/4 (51) Pb isotopic composition of the peripheral cone Q-trachyte CA21. We note that a relatively high partition coefficient for Sr (D Sr ¼ 4) is necessary to explain the low Sr content (about 100 ppm) of peripheral cone Q-trachytes and of the Ne-trachyte CA288. Most evolved rocks plotting along trend 1 (Fig. 10 ) (e.g. the Q-trachytes from the peripheral centers) have high Zr/Nb (>6Á6) and K 2 O/ Na 2 O > 1 (Figs 3 and 6 ). These major and trace element ratios are correlated with isotopic variations (Marzoli et al., 1999) and thus are probably due to enhanced crustal assimilation rather than large amounts of crystallization of mineral phases retaining Nb over Zr or Na over K (e.g. pyrochlore and biotite), which are not observed in thin section.
The compositions of the phonolite CA296 and of the Ne-trachyte CA295 are not consistent with this assimilation trend. Considering their highly evolved compositions, which correspond to about 20-30 wt % residual melt starting from parental ultrabasic-basic magmas (Marzoli et al., 2015) , and their isotopic compositions, still within the field of CVL basic rocks, these two evolved alkaline rocks allow for only very minor amounts of crustal assimilation (<2 wt % of assimilated crust). Table A2 . The small circles on the trend lines represent the percentage of magma (which decreases owing to fractional crystallization). It should be noted that the trend of increasing Sr shown by the most evolved compositions in (c) is due to a rapid increase of the ratio between assimilated mass and residual magma mass. Data for pre-caldera samples are from Halliday et al. (1988) and Marzoli et al. (1999 Marzoli et al. ( , 2000 .
The second Sr-Nd-Pb isotopic trend of Mt Bambouto evolved rocks is defined by the caldera Qtrachytes and by some pre-caldera Q-trachytes from the main volcanic edifice (Trend 2, Fig. 10 Fig. 10c ), which makes them extremely sensitive to crustal contamination in terms of 87 Sr/ 86 Sr (Marzoli et al., 1999; Ngounouno et al., 2000; Kamgang et al., 2007) . This is consistent with the fact that the 143 Nd/ 144 Nd i of caldera (0Á51274-0Á51273) and pre-caldera (0Á51277-0Á51262) Qtrachyte samples as well as the 206 Pb/ 204 Pb (19Á32-19Á23) of caldera Q-trachytes are only slightly lower than those of the ultrabasic-basic Mt Bambouto rocks, arguing against major crustal contamination. The EC-AFC calculations suggest that (1) Mt Bambouto silicic rocks could be derived from parental alkali basalts after substantial fractional crystallization (68 wt %) and (2) the required amount of crustal assimilation is c. 2 wt % of the parental magma mass. A minor role for crustal assimilation is supported by the almost constant and low Zr/Nb (5-7) and K 2 O/Na 2 O (0Á7-0Á9) of the Mt Bambouto pre-caldera Q-trachytes, as opposed to the much higher ratios of the more contaminated peripheral cones (Zr/Nb ¼ 9-14, K 2 O/Na 2 O > 1Á0) and of the basement rocks (e.g. granite CA283, Table 3 ; Fig. 5 ).
In summary, we suggest that only minor assimilation of silicic upper crustal rocks occurred during the evolution of the Mt Bambouto magmas towards (strongly) differentiated compositions. The rocks with the highest crustal contribution according to EC-AFC model results (Fig. 10) are the Q-normative trachytes from the peripheral cones, as well as one Ne-trachyte (CA288). In contrast, pre-caldera Q-trachytes and caldera and other evolved alkaline rocks (CA295 and CA296) show only minor or negligible contamination, respectively.
These results confirm the general view that crustal assimilation alone cannot explain the major and trace element differences between the alkaline and subalkaline evolved magmas (see Foland et al., 1993) and that different parental magmas and possibly slightly distinct depths of differentiation are required (see Wilson et al., 1995) .
Crustal contamination of basic-ultrabasic rocks
Assimilation of the continental crust may be an important process for continental CVL basic-ultrabasic magmas, as has already been documented at several locations (e.g. Rankenburg et al., 2004; Gannoun et al., 2015) . Indeed, at the nearby Bamenda Mts, the ultrabasic-basic rocks show substantial correlated variations in 143 Os (0Á294-0Á556), combined with unradiogenic Pb isotopic compositions for basalts from other continental CVL volcanoes, have been attributed to assimilation of crustal material by the ascending magmas, which preserve mantle-like Sr and Nd isotopic compositions (Gannoun et al., 2015) .
In the case of Mt Bambouto, a few pre-caldera OlHy-or Q-normative basic trachyandesites to basalts [e.g. basalt CA50 of Marzoli et al. (2000) or trachybasalt C74 of Halliday et al. (1988) Nd (Fig. 8) and do not match calculated closed-system differentiation trends (Marzoli et al., 2015) . According to our EC-AFC modelling, they are clearly contaminated (c. 10-15 wt %; Fig. 10 ). The Ne-normative basic-ultrabasic Mt Bambouto samples have Sr-Nd-Pb isotopic compositions, which plot within the field of most other CVL ultrabasic-basic samples, including those from oceanic settings (Fig. 8) . For these Mt Bambouto rocks, Pb isotopic compositions plotting on or close to the NHRL (D7/4 and D8/4 close to zero), low Rb, and high Nb contents seem to rule out significant crustal contamination. However, our new 187 Os/ 188 Os i data suggest the possibility of some crustal assimilation for at least those basanites and alkalibasalts with 187 Os/ 188 Os i (0Á191-0Á220) significantly higher than that expected for uncontaminated mantlederived magmas (0Á13-0Á15, Shirey & Walker, 1998) .
In EC-AFC calculations (Fig. 11) , the isotopic composition of the parental uncontaminated magma has been chosen to be similar to those of the Mt Bambouto rocks with the lowest Sr and Os and highest Nd and Pb isotopic ratios. The Os content (200 ppt) of the hypothetical primary magma for our modelling is slightly lower than the highest value of analysed CVL basic-ultrabasic rocks (217 ppt for Biu plateau sample TUM, an alkalibasalt with 12Á9 wt % MgO) whereas Sr, Nd and Pb contents are slightly lower than those of Mt Bambouto basanites (Table 4) .
According to our EC-AFC calculations shown in Fig.  11 (see Supplementary Data Table A2 for EC-AFC parameters), c. 17-25 wt % assimilation of the hypothetical basic or silicic crustal contaminant is necessary, respectively, to reach the high Os isotopic compositions at about 40 wt % crystallization. Rankenburg et al. (2005) calculated that less than 6-8 wt % of crustal contamination was required to explain the composition of the Biu and Jos Plateaux lavas using a higher Basic alkaline unit 2
Basic alkaline unit 1 Fig. 11 . EC-AFC modelling of the Os isotopic composition of the Mt Bambouto basic rocks involving a silicic upper crustal component and a basic lower crustal component as contaminants. Pre-caldera samples (basic alkaline unit 1) CA3, CA40 and CA54 were selected for Os isotopic analyses as they are representative of the high-Sr (CA3 and CA54) and of the low-Sr group (CA40). These samples are among the least evolved basalts (CA3 and Ca40; MgO ¼ 7Á2-7Á5 wt %) and basanites (CA54; MgO ¼ 11Á5 wt %) analysed at Mt Bambouto. Pb/ 204 Pb ¼ 18Á32. These results are similar to those shown in Fig. 11 for assimilation of the local silicic crust (EC-AFC silicic crust curves). A slightly better match is observed for assimilation of the local basic basement rocks, assumed to have the compositions given in Supplementary Data Table A2 . For the calculated amounts of assimilated basic crust (c. 17 wt %), the variation of the Sr and Nd isotopic composition of the contaminated magma would be relatively minor (e.g. from 0Á7030 to 0Á7032 and from 0Á51290 to 0Á51277) and comparable with the general variation observed among Mt Bambouto Ne-normative basic-ultrabasic rocks. In contrast, the variation of Pb isotopic compositions ( 206 Pb/ 204 Pb from 19Á9 to 18Á5 at D7/4 $ 15 and D8/4 $ 50) would be significantly higher than (and inconsistent with) the observed isotopic variations.
These arguments, as well as the observed positive Nb anomalies, generally argue against large-scale crustal contamination in the petrogenesis of the ultrabasic rocks (Fig. 5) . In summary, the considered EC-AFC models fail to reproduce the observed isotopic compositions of the Mt Bambouto ultrabasic-basic samples. A 'suitable' contaminant should have high 187 Os/ 188 Os and Sr and Nd isotopic compositions similar to the dioritic composition considered here (basic lower crust component), but should also be characterized by high 206 Pb/ 204 Pb (>19Á0) close to the NHRL (D7/4 and D8/4 close to zero), unlike any analyzed basement rock from Cameroon or Nigeria.
Nevertheless, the inferences drawn from Os isotopes should be viewed with caution, as the EA-AFC modelling results are highly dependent on the parameters chosen, notably the Os content of the original magma and the 187 Os/ 188 Os ratio of the local basic crust, for which we have few direct constraints. Rhenium and Os are both extremely rare elements in the crust, concentrated in certain trace and minor phases, in particular sulfides and organic matter. As a result, Os concentrations, Re/Os ratios and 187 Os/ 188 Os ratios of crustal rocks are highly heterogeneous. Thus we cannot exclude the possibility that the high 187 Os/
188
Os ratios of three of our samples reflect incorporation of specific crustal lithologies rich in 187 Os, such as sulphides [see Stein (2014) for a review] or black shales or their metamorphosed equivalents, even if such lithologies are not known among the local rocks. This would be particularly likely if the original magma Os content (200 ppt) used in the EA-AFC modelling is overestimated, or if Os is lost from the magma by sulfide crystallization prior to contamination. Although we are not necessarily advocating this scenario, without further constraints on the Os composition of the local crust, such processes cannot be definitively excluded. Even if the Os isotopic composition has been perturbed by very small amounts of contamination, this will have essentially no effect on the Sr, Nd and Pb isotopic compositions of the melts.
Substantial assimilation of crustal rocks is also brought into question by the major and trace element compositions of the Mt Bambouto basanites and basalts. Not only would assimilation of 10-30 wt % crust increase the SiO 2 content of the contaminated magmas, it would also produce a significant negative Nb anomaly. In contrast, all the Mt Bambouto ultrabasic-basic rocks, both with high and low 187 Os/ 188 Os, display positive Nb anomalies (Fig. 5) . We therefore conclude that for the Mt Bambouto ultrabasic-basic rocks, including basanites and alkali-basalts with high 187 Os/ 188 Os i , crustal contamination must have been a limited process, at least when considering the currently known compositions of the basement rocks from Cameroon or Nigeria. This is in agreement with the major element data and the mineral compositions, which do not support a significant change of magma composition during storage in the crustal magma chamber (Marzoli et al., 2015) . Rather, the mineralogical data suggest that the basanites rose from deep crustal magma chambers to the surface in a very short time. This makes significant contamination at middle and upper crustal levels unlikely.
The source characteristics of the basanites and basalts
The isotopic characteristics of the CVL rocks have been previously interpreted in terms of mixing between SCLM, DMM and HIMU components (Halliday et al., 1990; Lee et al., 1994; Marzoli et al., 2000; Rankenburg et al., 2004) . Since the Mt Bambouto ultrabasic-basic rocks, in particular the Mt Bambouto caldera basanites and basalts, plot towards the highest 87 Sr/ 86 Sr and lowest 206 Pb/ 204 Pb end of the array of other continental CVL rocks, they require a relatively minor contribution of a HIMU component unlike the basic rocks from Mt Etinde or Mt Cameroon (e.g. Marzoli et al., 2000) . Indeed, the Mt Bambouto basanites and basalts display an array between HIMU and DMM in Pb-Pb isotope plots ( Fig. 8c  and d) . However, some data plot off the NHRL, and in Sr-Nd, Sr-Pb and Nd-Pb isotopic diagrams the data tend to diverge from a DMM-HIMU trend (Fig. 8) . This observation suggests the involvement of another enriched component. This characteristic is also shared with some oceanic CVL rocks (Fig. 8) . We note that this enriched component does not correspond to EM-1 or EM-2 mantle end-members, as these components are displaced well above the NHRL, unlike the Mt Bambouto basic rocks. As a consequence, we need to consider a source composition that is not a simple mixture between several classic mantle end-members.
Major and trace element constraints on the lithology of the source of the basanites and basalts
We modeled the mineralogy and composition of a mantle source capable of producing the Mt Bambouto basic-ultrabasic magmas by considering a peridotitic (olivine þ clinopyroxene þ orthopyroxene and garnet and/or spinel assemblage) source, and assuming that the melt was derived essentially from clinopyroxene and garnet and/or spinel (45% each) with only small contributions from olivine and orthopyroxene (5% each).
In terms of the trace element content of this peridotitic source, we considered (1) a chondritic source composition and (2) an enriched mantle composition with REE contents similar to those of mantle xenoliths from the nearby lake Nni maar (E. M. Piccirillo, personal communication, 2010) .
The results of the melting models are compared in Figs 7a and 12 with the observed compositions of Mt Bambouto lavas and dykes. Because Mt Bambouto basalts and basanites are fairly enriched in LREE vs HREE, our modeling is in agreement with melting occurring at depths corresponding to the garnet stability field as indicated in Figs 7a and 12, even though a small contribution of melts from shallower depths (i.e. with residual spinel) may not be ruled out, in particular for the less enriched basalts. The modeling also confirms that, at least for the basanites, an enriched mantle source is required. Furthermore, source enrichment is necessary to explain the extremely high Sr, Ba, and P contents of the Bambouto basic-ultrabasic rocks. Indeed, the Sr contents of the high-Sr rocks were matched by assuming an enriched mantle source with a Sr content (28 ppm) four times higher than that of chondritic mantle (Fig. 12) . In contrast, low-Sr rocks (e.g. pre-caldera basaltic flows) may originate from a mantle with a chondritic Sr content (7Á25 ppm). It should be noted that the observed REE patterns and ratios (Fig. 12 ) are also consistent with melting of a hornblendite-bearing mantle source (Pilet et al., 2008) .
Recent experimental data have suggested that a significant contribution from basic and possibly CO 2 -rich Fig. 7 for details on the parameters of the melting models). DMM-hornblendite experimental melt composition from Pilet et al. (2008) . Melt compositions calculated for 1-10% melting degrees. Sr content of primitive mantle (7Á25 ppm) after McDonough & Sun (1995) . Enriched mantle composition is 28 ppm. Melt compositions calculated for 1-10% partial melting. Tick marks on curves indicate melting degree (from 1 to 10%).
components, such as olivine-bearing garnet pyroxenite or hornblendite, is required to generate alkaline basicultrabasic rocks (Hirschmann et al., 2003; Dasgupta et al., 2006; Pilet et al., 2008 Pilet et al., , 2011 Mallik & Dasgupta, 2012) . Such components may be included in recycled subducted oceanic crust, or in metasomatized lithosphere containing hornblende-rich veins formed by reaction with the peridotitic host (Pilet et al., 2008 (Pilet et al., , 2011 . In summary, major and trace element modelling suggests that the mantle source of the Mt Bambouto basanitic and basaltic magmas could be an enriched peridotite, although an alternative source composed of peridotite with hornblende-rich veins or layers is also possible.
Evidence for metasomatized mantle below the CVL and the nature of the metasomatic agent(s)
The CVL mantle shows evidence of metasomatism. This is documented, for example, by the occurrence of clinopyroxene megacrysts in basalts from the Biu Plateau, interpreted to have formed within the lithospheric mantle (Rankenburg et al., 2004) and by the high clinopyroxene abundances (up to 25% modal) in peridotite xenoliths from the nearby Nni maar (Princivalle et al., 2000) . Infiltration of the SCLM by silicate magmas may generate pyroxenite veins in the host peridotite (Downes, 2007) . The formation of pyroxenitic veins in the CVL SCLM or the upper asthenosphere could be related to earlier CVL magmatism or to even older events that have affected this region since the Paleozoic (Tchouankoue et al., 2014) and during the Mesozoic (Benue Trough tholeiites, Coulon et al., 1996) . Therefore, the occurrence of metasomatized peridotite containing garnet-, clinopyroxene-and possibly hornblende-rich veins or layers below the CVL is possible.
The trace element compositions of the high-Sr basanites and alkali basalts from basic alkaline units 1 and 2 are characterized by extremely high concentrations of Sr, Ba, and P (Sr > 1000 ppm; Ba > 600 ppm; P > 3500 ppm), higher than those of the low-Sr group, which are closer to average OIB (Sr ¼ 660 ppm, Ba ¼ 350 ppm; P ¼ 2700 ppm; 87 Sr/ 86 Sr < 0Á70335), and low Zr. The high-Sr basicultrabasic rocks are also enriched in LILE and LREE relative to HFSE and HREE. Specifically, the Zr/Sm and Ba/La ratios of these rocks show a depletion of Zr relative to elements of similar compatibility, in particular the LILE. In addition, the LILE/HFSE ratios of the high-Sr group are distinct from average OIB values, which are also close to those of the low-Sr rocks. The high Sr, P and Ba contents, depletion in Zr and enrichment in LREE are characteristics commonly observed in carbonatite metasomatized mantle xenoliths (Yaxley et al., 1991; Ionov et al., 1996) , which are carried by silicic basaltic melts derived from such metasomatized peridotitic sources (e.g. Dixon et al., 2008; Price et al., 2014) . A carbonatitic metasomatic agent reacting with refractory lithospheric mantle is able to produce apatite-amphibole-bearing wehrlites and lherzolites (Yaxley et al., 1991) ; this is in agreement with the occurrence of clinopyroxene megacrysts and high clinopyroxene contents in amphibole-bearing mantle xenoliths from the CVL (Lee et al., 1996) . A local carbonatite-like signature in the mantle source is suggested also for some other CVL rocks such as the Etinde nephelinites (Nkoumbo et al., 1995) and Tchircotché lamprophyres (Ngounouno et al., 2005) .
The occurrence of positive Nb anomalies in the trace element patterns of Mt Bambouto basic rocks is not in contradiction with a contribution of a carbonatitic fluid to the source. This anomaly suggests that the main contributor of the melts is a peridotitic source, possibly containing a significant amount of amphibole, which is a Nb-rich phase. This observation is in agreement with our melting modelling. Oceanic carbonatites do not systematically show Nb depletion compared with the associated basic lavas or OIB in general (e.g. Hoernle et al., 2002; Doucelance et al., 2010) . Finally, numerical modelling of the melting of a source involving a mixture of peridotite and less than 1% carbonatite has been able to reproduce the incompatible element patterns, including Nb positive anomalies, of OIB lavas (Dixon et al., 2008) .
The Sr-Nd-Pb-Os isotopic composition of the source As argued above, the Sr-Nd-Pb isotopic compositions of most CVL basic-ultrabasic rocks have been only mildly affected by crustal contamination, and so most probably represent the isotopic signatures of their mantle source regions. These compositions cover a relatively large field, which plots between the EMII, DM, HIMU and FOZO mantle components [Fig. 8; see Dé ruelle et al. (2007) , and Asaah et al. (2014) for a review of these data].
For Os isotopes, as noted above, we cannot definitively exclude the possibility that these were modified by small amounts of assimilation of minor highly radiogenic crustal lithologies. However, we consider this hypothesis unlikely, and assume instead that the Os PUM ¼ 0Á1296 6 0Á0008; Meisel et al., 2001) . Such compositions may correspond to the asthenosphere or to a relatively undepleted portion of the SCLM (Carlson, 2005) such as that represented by some Cameroon mantle xenoliths (0Á1187-0Á1273; Gannoun et al., 2015) . The Pb isotopic compositions of the SCLM mantle xenoliths and clinopyroxene megacrysts from the CVL, including the Biu Plateau (northern CVL) lithospheric mantle xenoliths (Lee et al., 1996; Rankenburg et al., 2004 Rankenburg et al., , 2005 , form two partly overlapping groups trending between DMM and HIMU components. Most xenoliths are closer to the DMM end-member ( Fig. 8c  and d) , whereas most clinopyroxene megacrysts show a dominant HIMU isotopic composition (Fig. 8b-d) . This suggests the coexistence in the Cameroon SCLM of a DMM-type peridotitic mantle and of clinopyroxene-rich HIMU-type domains (e.g. veins), possibly formed by metasomatic agents. It should be noted that the Sr-NdPb isotopic compositions of the SCLM mantle xenoliths and clinopyroxene megacrysts overlap, but extend beyond those of the Mt Bambouto rocks (Fig. 8) . In our melting models, we used the REE composition of a CVL mantle xenolith from the lake Nni maar (E. M. Piccirillo, personal communication, 2010) as a source for the Mt Bambouto basic-ultrabasic rocks. The similarities between the Mt Bambouto ultrabasic-basic rocks and the CVL mantle xenoliths and clinopyroxene megacrysts in terms of their Pb isotopic signature suggest that the mantle represented by these xenoliths and megacrysts is indeed a possible source for the Mt Bambouto rocks.
Nevertheless, there are differences in terms of Nd and Sr isotopic ratios between the mantle xenoliths and the Mt Bambouto basic-ultrabasic rocks. In particular, the high-Sr group tends to have high initial 87 Sr/ 86 Sr and low 143 Nd/ 144 Nd compared with the mantle xenoliths, and even compared with the clinopyroxene megcrysts ( Fig. 8a and b) . Assuming that the xenoliths and the megacrysts represent, respectively, peridotite and pyroxenite components in the mantle source, the isotopic composition of the Mt Bambouto magmas cannot be explained by simple mixing of these two components.
The Sr-Nd-Pb isotopic compositions of Mt Bambouto basic-ultrabasic rocks are generally uncorrelated with incompatible trace element variations (e.g. REE or LREE/HREE). However, a key feature of the highSr group is the 87 Sr/ 86 Sr initial ratios, higher than 0Á70335, combined with high Sr-Ba-P contents. Therefore, the high 87 Sr/
86
Sr initial ratios have to be related to an enriched component that might be a carbonatitic metasomatic fluid or melt. The range of 87 Sr/ 86 Sr ratios observed in the high-Sr group is commonly documented in Quaternary carbonatites (Hoernle et al., 2002; Doucelance et al., 2010) . A role for a carbonate component in the mantle source of the Mt Bambouto basanites is also consistent with their major element compositions, as discussed above, and with Os isotopic data from carbonatites that yield high initial 187 Os/ 188 Os (Widom et al., 1999; Escrig et al., 2005) . Considering the evidence from the REE and Sr enrichment of the basic-ultrabasic rocks for the contribution of a carbonatitic component, we suggest that the source of the Mt Bambouto basic-ultrabasic magmas is a metasomatized asthenosphere-like mantle containing garnet-bearing pyroxenite or hornblendite veins that had previously interacted with a carbonatitic fluid.
Modelling the isotopic composition of the source of Mt Bambouto rocks
In the previous section, the trace element compositions of the Mt Bambouto basic rocks were modeled by melting of an enriched metasomatized peridotite source. In the following section, we model the isotopic composition of such a mantle source as a ternary mixture between a depleted peridotite (asthenosphere-like mantle), a solid pyroxenite component and a carbonatitic fluid (melt or fluid). It should be noted that this modeling does not represent a mixture of three melts but rather the combination of two solids (a peridotite and a pyroxenite) and a fluid (the carbonatite). The advantage of this approach is to avoid the need to assume the trace element composition of the most primitive melts. Indeed, this is a critical parameter for the modelling, which has a strong influence on the results yet may not be accurately known. For a realistic modelling of the mixture, the end-member compositions should to be chosen to closely resemble actual rocks that were sampled geographically as close as possible to the studied area. For the asthenospherelike peridotitic component (component P (Carlson, 2005; Workman & Hart, 2005) . This composition is close to the isotopic compositions and trace element contents of CVL peridotite mantle xenoliths (Lee et al., 1996; Gannoun et al., 2015 (Lee et al., 1996; Rankenburg et al., 2004 Rankenburg et al., , 2005 To test the plausibility of the three-component mixing model and encompass all the statistically likely compositions, we used a Monte Carlo simulation (Fig.  13) . The algorithm used for this modelling combines the three components through a two-step process: first, combination of two components, then combination of the result of this mixing with the third component. Owing to the different trace element concentrations of the three considered components, we found that the results of the simulations are dependent on the order of the mixing events and change; for example, if the two metasomatic components (pyroxenite and carbonatite) are first mixed between themselves and then with the peridotite, or if the peridotite component interacts first with the carbonatite then with the pyroxenite.
The outcome of such an approach allows the possibility of deciphering time-related changes in the interactions between the components. Therefore we can model three possible mixing scenarios (Fig. 13) , as follows.
1. Model PB-A: the unmetasomatized DMM-like peridotite section of the mantle source is metasomatized first by a carbonatitic fluid. The resulting composition is then mixed with the pyroxenite component. 2. Model PA-B: a carbonatite fluid infiltrates an already metasomatized peridotitic mantle containing pyroxenite veins. 3. Model AB-P: a carbonatitic fluid interacts first with pyroxenite veins present in the mantle source then the resulting solid or melt reacts with or metasomatizes the DMM-like peridotite part of the mantle source.
A degree of uncertainty was applied to the compositions of each of the three mixing components to accommodate the lack of constraints on the data (see Fig.  13 caption for details). Whereas the three possible models could produce the required results, Model AB-P seems to better reproduce the compositions of all the Mt Bambouto ultrabasic-basic samples, in particular in the 143 Fig. 13b and c) . According to our calculations, the DMM peridotite contribution represents between 95 and 98% of the final mixture. In the A-B mixture, the carbonatite component represents at least 10% and the pyroxenitic component no more than 90%. This model can also explain those samples with unradiogenic Sr isotope ratios, and hence the occurrence of the low-and high-Sr groups, by a higher contribution (at least 40%) of the carbonatitic component (component B) in the latter in the A-B mixture (Fig. 13a) . Moreover, the modelling is able to produce high Sr contents in the source (Fig. 14) . Specifically, the AB-P mixture yields source Sr contents for the low-Sr ($11 ppm) and high-Sr (20-30 ppm) groups in agreement with those estimated in the melting modelling ($7 ppm and $28 ppm respectively; Fig. 14) . A low-degree partial melting process is able to produce melts that are at least 50 times more enriched than their sources (e.g. Sun & McDonough, 1989) ; consequently, the calculated Sr contents in the source are compatible with those measured in the Mt Bambouto rocks.
In summary, our modeling suggests that the source of the parental magmas could be an enriched, metasomatized mantle comprising a depleted peridotitic matrix containing pyroxene veins; the latter interacted first with a carbonatitic fluid and then the resulting solid or melt interacted with the host (depleted) peridotite.
CONCLUDING REMARKS
Our present study of the Mt Bambouto caldera volcanic rocks, along with previous studies of Mt Bambouto basic and silicic lavas, contributes to the understanding of the volcano's magmatic differentiation processes and to deciphering the complex nature of its mantle source. Fig. 13 . Numerical modeling using a three-component mixing model of the isotopic composition of the source of the Mt Bambouto basic rocks. The possible compositions were calculated using a Monte Carlo simulation approach using commercially available XLQuantum software. We used 1000 trials for each simulation. The components involved are a peridotite (a solid), a pyroxenitic component (veins, a solid) and a metasomatic fluid with a carbonatitic composition (see text for details of the component compositions). An uncertainty was applied to all the chemical parameters of the three end-members to take into account the lack of tight constraints on the data: Sr i (>0Á709). The rocks with the largest crustal contribution according to our EC-AFC results (Fig. 10) are the Q-normative trachytes from the peripheral cones, as well as one Ne-trachyte (CA288). In contrast, most of the silicic rocks from the main construction phase and the late alkaline evolved unit (CA295 and CA296) show only minor or negligible contamination, respectively. This shows that crustal assimilation alone does not explain the difference between alkaline and sub-alkaline differentiated rocks. Based on EC-AFC modelling, we suggest that significant crustal contamination is unlikely for most of the Mt Bambouto ultrabasicbasic rocks. Basanites and alkali-basalts with high 187 Os/ 188 Os i may have experienced some crustal contamination, but this must have been of limited extent.
Basanites and trachybasalts, along with some basaltic dykes, probably represent a late phase of ultrabasic-basic magmatism at Mt Bambouto, yielding incompatible element enrichments and isotopic compositions distinct from those of early erupted Mt Bambouto basalts and of most CVL ultrabasic-basic rocks. Their Sr-Ba-P enrichment and Zr depletion, coupled with relatively radiogenic Sr isotopic compositions, are interpreted to result from a larger contribution of a carbonatitic fluid when compared with the pre-caldera basic-ultrabasic rocks. The suggested carbonatite signature of these Mt Bambouto magmas is consistent with the high CaO and low Al 2 O 3 of the caldera basanites (see Dasgupta et al., 2006) . Because the described incompatible element patterns are exclusive to some Mt Bambouto rocks and to Mt Etinde nephelinites (Nkoumbo et al., 1995) , the proposed carbonatitic metasomatism may have been a localized event affecting some small areas of the Cameroon continental lithosphere. However, according to geochemical studies of CVL magmas and mantle xenoliths, enrichment events may have affected the Cameroon mantle repeatedly from the Proterozoic (Rankenburg et al., 2004 (Rankenburg et al., , 2005 to the Mesozoic (e.g. Halliday et al., 1990; Lee et al., 1996) and possibly during the Cenozoic Cameroon Line magmatism (Princivalle et al., 2000) . This is in agreement with our proposed source for the basic-ultrabasic rocks, which involves at least two episodes of metasomatism: (1) formation of pyroxenite or hornblendite veins within a DMM-like peridotite; (2) interaction of these veins with a carbonatitic fluid, the resulting liquid or solid interacting with the peridotitic matrix eventually to form the source of the Mt Bambouto rocks. Considering the location of the CVL on a less than 100 km thick lithosphere with large discontinuities, situated between two cratonic blocks with thick lithospheric keels (Ritsema & van Heijst, 2000) , rising melts could have been attracted and channeled from deep-mantle plumes (see Sleep, 1996; Ebinger & Sleep, 1998) or from upwelling, decompressing shallow mantle (e.g. King & Anderson, 1998) . This is in agreement with the semi-continuous early Cenozoic to Present history of Cameroon line magmatism (Ngako et al., 2006) . Long-lasting magmatism and possibly related mantle metasomatism may explain the repeated enrichment of the Cameroon SCLM. Finally, we note that our modeling does not allow us to speculate on the location of the magma source in the mantle. Although we used peridotite and pyroxenite compositions based on observed SCLM xenoliths, these components could represent either pyroxenite veins from the SCLM or a heterogeneous sub-lithospheric source.
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